A novel mid-infrared/near-infrared double resonant absorption setup for studying infrared-inactive vibrational states is presented. A strong vibrational transition in the mid-infrared region is excited using an idler beam from a singly resonant continuous- with multiphoton methods. 3 In the first two cases, the transitions to high-energy vibrational overtones and combination states are generally too weak to be measured. The standard way to measure the high-energy symmetric vibrational states is using two photon methods, where molecules are first brought to the lowest excited electronic state and laser induced fluorescence (LIF) to a vibrational state within the ground electronic state is measured. transitions from the excited electronic state can limit the detectable states to those where a high number of trans-bend and CC stretch quanta are excited, due to the geometry of the excited electronic state.
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In our previous work, we have used LIF setups to measure high-energy symmetric stretching states while remaining in the electronic ground state. 6, 7 The acetylene sample was optically pumped to a high-energy anti-symmetric vibrational state inside a laser cavity and the resulting LIF was dispersed using a high-resolution Fourier-transform infrared spectrometer.
Transitions to high-energy vibrational states are much weaker than electronic transitions, resulting in a relatively low signal-to-noise ratio (SNR). In a later work, with careful optimization of the fluorescence gathering optics, the SNR was improved significantly. 8 In a more recent study, we developed a stimulated emission scheme, where the intermediate state was a high-energy vibrational state on the electronic ground state. The setup could reach a superior SNR compared to the LIF measurements, but it relied on direct observation of the stimulated emission and required a rigorous locking scheme to reach a large enough population on the intermediate state. Here, we present a novel way of measuring symmetric vibrational states, based on incoherent two-photon absorption. We first excite the molecules to an anti-symmetric intermediate state using a mid-infrared beam from an optical parametric oscillator (OPO). Then, we probe a second transition to the final symmetric state using near-infrared cavity ring down spectroscopy (CRDS) (figure 1). The mid-infrared region contains a very strong fundamental excitation of the anti-symmetric stretching vibration, which, together with the high output power of the OPO, results in efficient optical pumping and a high population transfer to the intermediate state. The second transition lies in the near-infrared region, where CRDS performs well, due to highly reflective cavity mirrors and well developed detectors available in this wavelength region. With this simple and robust measurement system, we can reach an SNR that surpasses our previous dispersed LIF experiments 8 and is comparable to our stimulated emission measurement, which used a significantly more complicated laser setup.
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Like the stimulated emission measurement, the current setup also provides sub-Doppler resolution.
Acetylene is a molecule of substantial interest, not only in high-resolution spectroscopy, but also in computational chemistry and astrochemistry. [10] [11] [12] It has been detected in many astronomical environments and is thought to play an important role in many processes of the carbon astrochemistry, such as formation of polycyclic aromatic hydrocarbons and the growth of carbon chains. 13, 14 In laboratory spectroscopy, it is often used as a model species, since its simple, linear geometry gives its rovibrational spectra a regular and assignable structure. This makes it feasible to study the large number of couplings and resonances that affect the spectra. The infrared spectrum of acetylene can be modeled to a high precision using a cluster model. 15 The cluster model is based on fitting the model parameters on experimental data. It relies on availability of high quality experimental values for the state energies to improve the modeling of the various coupling mechanisms. The states with mainly stretching contribution can also be understood with the considerably more simple local-mode picture. 16 In this article we have used our new double-resonance method to access a previously unobserved symmetrical vibrational state of acetylene.
II. EXPERIMENTAL TECHNIQUE
The schematic overview of the setup is presented in figure 2 . The mid-infrared transition is excited using an idler beam from an in-house built continuous wave (CW) optical parametric oscillator. 17 The OPO is pumped using a titanium-sapphire ring laser (MBR-PS, from the AOM is brought to the measurement system using an optical fiber. The fiber output is mode matched (MM) to the sample cavity. The sample cavity is a low-expansion cavity connected to a gas line, which can be used to control the acetylene sample pressure at millitorr level. The rear mirror of the sample cavity is attached to a piezo actuator. The light leaking out of the cavity through the rear mirror is focused on a photo detector. A small portion of the ECDL power is split just after the laser head for wavelength measurement (not shown).
expansion coefficient. The cavity is connected to gas line system with an acetylene supply, a vacuum oil pump (Edwards) and a low pressure capacitance manometer (Baratron, MKS Instruments), which are used to control the pressure of the acetylene sample within the cavity.
The transition from the anti-symmetric state to the final symmetric state is probed using CW-CRDS. 18 The laser source is an external cavity diode laser (ECDL, New Focus, Velocity 6328) with a wavelength tunable between 1520 and 1570 nm. The ECDL provides up to 5 mW of power, as measured just before the beam enters the sample cavity. The wavelength of the ECDL is measured continuously with a wavemeter (WA-1500-NIR, EXFO).
The ECDL beam is sent through an acousto-optic modulator, which is used to initiate the ring down events, and the first order diffracted beam is mode matched to the TEM 00 mode of the sample cavity. The transmitted power after the cavity is measured with a photodetector (D100, RedWave Labs) and the detector signal is passed to a LabView (National Instruments) program for signal processing and extraction of the ring down times. The cavity losses are determined as the reciprocal of the ring down times, divided by the speed of light.
The rear mirror of the cavity is fixed to a piezo actuator, which is periodically scanned over 
III. RESULTS AND DISCUSSION
The experimental setup described was used to measure two symmetric states. The state
), where ν 1 and ν 3 represent the symmetric and anti-symmetric CH stretching vibrations, respectively, was used for development and testing of the measurement system. For this state, the idler beam first excites the mid-infrared transition to the fundamental state of the anti-symmetric stretch ν 3 . The CRDS then probes the transition ν 1 + 2ν 3 ← ν 3 .
The setup was also used to observe the state ν 1 + ν 2 + ν 3 + ν The
is then probed using CRDS. For both bands measured here, the setup reaches a signal-to-noise ratio, defined here as the peak height divided by the standard deviation of the background signal in the CRDS spectrum, of about 300. The state ν 1 + 2ν 3 has been measured before using dispersed LIF 8 and infrared stimulated emission probing (IRSEP). 9 For this state, our setup provides a better SNR than the LIF measurement, where the SNR was about 100 at best, and is comparable to the significantly more complicated IRSEP system, which reached an SNR of over 500.
The transition from one of the anti-symmetric states of the resonance dyad (ν 3 /ν 2 + By measuring the spectrum of the same near-infrared transition with varying idler wavelengths, the line center of the mid-infrared transition can be determined by the appearance of only a single peak on the CRDS spectrum (see figure 3 ). The idler wavelength can then be compared to well-known line positions of the resonance-dyad. 19 The wavemeter used to measure the ECDL wavelength was calibrated using known line positions of the ν 1 + ν 3 transition of acetylene, which have been measured accurately by NIST. 21 Known atmospheric water lines 22 were used for the calibration as well, to cover the whole used spectral range and to avoid problems with extrapolating the calibration outside of the ν 1 + ν 3 band. The calibration was checked regularly during the several months of development and measurements.
On average, the offset of the wavemeter was 0.0046 cm −1 , which was used to correct the line 
where E is the measured energy, G is the vibrational term value, B is the rotational parameter, and D is the quartic centrifugal distortion parameter. For the ground state, the sextic centrifugal distortion parameter H was also included, but for all other states, only terms up to the quartic centrifugal distortion were found significant. The vibrational term value derived from the fit was 9663.3385(10) cm −1 , where the value in parenthesis is onestandard error in the least significant digits. for the vibrational term value. The other parameters from the fit are presented in table I.
Although the statistical uncertainty is the smallest for the first reference (ref. 8) , it differs somewhat from our result. The other two (refs 7 and 9) agree well with our result, falling within three standard deviations from our value. The difference to the first reference may be due to a calibration offset in addition to the statistical errors, as the parameters B and D agree well within three standard deviations. However, our calibration measurements suggest that the inaccuracy of our line measurements is not more than 0.007 cm −1 and therefore would not by itself explain the difference. There may be some irregularities in the individual line positions, caused by J-dependent perturbation effects, which could lead to a difference in the band parameters when measuring a larger number of lines, as was the case in the first reference. these, where only one of the CH bond oscillators is excited, the CH bonds become more uncoupled at higher vibrational excitations, due to the increasing anharmonicity becoming dominant over the coupling between the CH bonds, and the vibrational term values of the local-mode pair approach each other. The same is true for their rotational parameters. 
IV. CONCLUSIONS
We have demonstrated a novel double resonant absorption setup, taking advantage of a strong mid-infrared absorption and the sensitivity of cavity ring down spectroscopy in the near-infrared. While the setup already provides sub-Doppler resolution, the precision of the measurement of the line position might be improved by using a wavelength measurement scheme with better resolution, as we are already working near the limits of the wavemeter we use to measure the ECDL wavelength. This would also allow resolving the line shape of the transition better. However, while the peak profiles could be measured more accurately, the linewidth would still likely be limited by the idler beam's linewidth and long term stability.
The pressure broadening limits could possibly be reached by implementing a frequency locking scheme for the OPO to reduce the idler linewidth.
The setup was used to measure two symmetric vibrational states of acetylene near 9700 cm −1 . One of the measured states has not been previously accessed. Both transitions were observed with a high SNR and a sub-Doppler resolution. Spectroscopic parameters of the newly observed state were obtained from a linear least squares fit of the measured rovibrational energies, and the results were in good agreement with predicted values from calculations.
Our method is expected to perform well in measuring other high energy symmetric vibrational states of acetylene and its isotopologues. However, the detectable states will likely be limited to those with a low number of excited bending quanta, due to the dominant stretching nature of the states we have used as the intermediate step. In this sense, it can be considered to be complimentary to the methods based on LIF from the excited electronic state. The method should be straightforward to implement for two-photon transitions in other molecules as well, provided that they have a strong infrared-active transition in the mid-infrared region, within the tunable wavelength region of the mid-infrared light source. In our system, the OPO idler wavelength can be tuned between 2500 and 4400 nm, which covers, for example, the fundamental transitions of usual CH stretching vibrations. Our ECDL is tunable between 1520 and 1570 nm, so, for our system, the second transition needs to lie within this region. In principle, however, the system can be expanded to measure secondary transitions in any wavelength region where CRDS performs well. At longer wavelengths, the limit is usually the availability of high quality optics and light sources. For shorter wavelengths, a higher transition energy generally means a weaker transition strength, so more sensitivity is required from the CRDS system. However, extremely sensitive CRDS setups are constantly developed throughout the infrared region.
31,32

